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Abstract
Myxofibrosarcoma (MFS) is one of the most aggressive sarcomas with highly complex karyotypes and genomic profiles. 
Although a complete resection is required in the treatment of MFS, it is often not achieved due to its strong invasive nature. 
Additionally, MFS is refractory to conventional chemotherapy, leading to poor prognosis. Therefore, it is necessary to 
develop novel treatment modalities for MFS. Patient-derived cell lines are important tools in basic research and preclinical 
studies. However, only 10 MFS cell lines have been reported to date. Furthermore, among these cell lines, merely two MFS 
cell lines are publicly available. Hence, we established a novel MFS cell line named NCC-MFS3-C1, using a surgically 
resected tumor specimen from a patient with MFS. NCC-MFS3-C1 cells had copy number alterations corresponding to the 
original tumor. NCC-MFS3-C1 cells demonstrate constant proliferation, spheroid formation, and aggressive invasion. In 
drug screening tests, the proteasome inhibitor bortezomib and the histone deacetylase inhibitor romidepsin demonstrated 
significant antiproliferative effects on NCC-MFS3-C1 cells. Thus, the NCC-MFS3-C1 cell line is a useful tool in both basic 
and preclinical studies for MFS.
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Introduction

Myxofibrosarcoma (MFS) is a malignant fibroblastic neo-
plasm with variably myxoid stroma and pleomorphism [1]. 
Although MFS is rare, it represents approximately 5% of soft 

tissue sarcoma diagnoses and is one of the most common 
sarcomas diagnosed in elderly patients [2, 3]. The typical 
site of origin is the lower extremities, and notably, more than 
half of MFS cases arise in dermal or subcutaneous tissues 
[4]. Genetically, MFS is characterized by highly complex 
karyotypes and genomic profiles [5]. Although there are no 
specific genetic aberrations for MFS, an integrated genomic 
study revealed frequent amplification of the chromosome 
5p region, the biological significance of which has not been 
entirely clarified [6]. Regarding treatment for MFS, surgi-
cal resection is considered to be the optimal method. How-
ever, due to the strong infiltrative nature of MFS, complete 
resection is often difficult to achieve [7, 8]. In cases when 
complete resection is not achieved, it has been reported that 
local recurrence occurs at a high rate of 30–40% [2, 3, 9, 10]. 
Additionally, the distant metastasis rate is high, ranging from 
20 to 35%, leading to an unfavorable clinical outcome with 
a 5-year mortality rate of 30–35% [2, 4, 9–11]. To improve 
clinical outcomes, systemic chemotherapy is essential. How-
ever, the efficacy of chemotherapy has not been clarified 
because randomized clinical trials assessing the efficacy of 
chemotherapy on MFS have not been conducted [3]. A small 
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number of cohort studies revealed that the use of conven-
tional chemotherapy was not clinically beneficial against dis-
tant metastases or for improving overall survival [2, 12, 13]. 
Thus, a novel treatment strategy has been urgently required.

Patient-derived cell lines are important tools in basic 
research and preclinical studies. Although long-term cul-
turing causes genetic alterations in the cell lines, short-term 
cultured cell lines preserve the characteristics of the origi-
nal tumor [14–16]. Therefore, efforts have been made for 
genomic profiling or determining the drug sensitivity of 
tumors using a number of cell lines in recent years [17–20]. 
However, these large-scale studies included only 28 sarcoma 
cell lines, which accounts for only 2.2% of all 1300 cell lines 
examined [21]. This indicates that latest technologies have 

not benefited research on sarcomas. This problem occurs due 
to the inadequate number of sarcoma cell lines owing to its 
rarity [22]. As for MFS, according to Cellosaurus [23], only 
10 MFS cell lines have been reported worldwide (Table 1) 
[24–31]. Furthermore, among these cell lines, merely two 
MFS cell lines are publicly available. To promote research 
on MFS, it is necessary to establish novel MFS cell lines.

Here, we reported a novel MFS cell line, NCC-MFS3-
C1, established from a surgically resected specimen from 
a patient with MFS. We characterized the NCC-MFS3-C1 
cells and conducted a drug screening test.

Materials and methods

Patient history

The patient donor was a 74-year-old woman with myxofi-
brosarcoma. The patient visited the previous hospital with 
the chief complaint of a mass on her posterior right thigh. 
Magnetic resonance imaging revealed a soft tissue tumor in 
the hamstrings, which was considered malignant (Fig. 1a, 
b). The patient was referred to the National Cancer Center 
Hospital (Tokyo, Japan). Subsequently, needle biopsy was 
performed, and the tumor was suspected to be a myxofibro-
sarcoma. Because there was no evident distant metastasis, 
wide resection was performed. Pathologically, the tumor 
showed pleomorphic atypical spindle cell proliferation with 
abundant myxoid stroma and curvilinear vessels (Fig. 1c, 
d). A part of the resected tumor at the operation was used 
to establish the cell line described in this study. The ethical 

Table 1  A list of myxofibrosarcoma cell lines in the cell line data-
base, Cellosaurus

Accession Cell line name Cell line collec-
tions

References

CVCL_AT70 NMFH-1 [JCRB] JCRB; 
JCRB1507

No description

CVCL_4661 NMFH-1 [RCB] RCB; RCB2346 [24]
CVCL_4W18 NMFH-2 No description [25]
CVCL_UU05 CNIO BG No description [26]
CVCL_UF41 IM-MFS-1 No description [27]
CVCL_T030 MUG-Myx1 No description [28]
CVCL_VJ87 MUG-Myx2a No description [29]
CVCL_VJ88 MUG-Myx2b No description [29]
CVCL_VT41 NCC-MFS1-C1 No description [30]
CVCL_A2EI NCC-MFS2-C1 No description [31]

Fig. 1  Clinical and pathologi-
cal data. Magnetic resonance 
imaging revealing a multi-
locular tumor in hamstrings 
with a low intensity on a 
T1-weighted image and b mixed 
intensity (high and low) on a 
T2-weighted image. c and d 
Hematoxylin and eosin staining 
showing the proliferation of 
pleomorphic atypical spindle 
cells with abundant myxoid 
stroma and curvilinear vessels
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committee of the National Cancer Center approved the use 
of clinical materials for this study, and written informed con-
sent was obtained from the patient donor.

Histological analysis

Histological examination was performed on 4-μm-thick sec-
tions from a representative paraffin-embedded tumor sample. 
The sections were deparaffinized and stained with hematoxy-
lin and eosin (H&E).

Cell culture

The surgically resected tumor tissue was used to establish 
the cell line, as previously described [32]. The cells were 
maintained in Dulbecco’s Modified Eagle Medium/Nutri-
ent Mixture F-12 (Gibco, Grand Island, NY, USA), sup-
plemented with 10% heat-inactivated fetal bovine serum 
(Gibco), 100 μg/mL penicillin, and 100 μg/mL streptomy-
cin (Nacalai Tesque, Kyoto, Japan) at 37 °C in a humidified 
atmosphere with 5% carbon dioxide. The cells were main-
tained for more than 3 months under tissue culture condi-
tions and passaged more than 20 times.

Authentication and quality control 
of the established cell line

The established cell line was authenticated by examining 
short tandem repeats (STRs) at 10 loci using the GenePrint 
10 system (Promega, Madison, WI, USA) according to the 
manufacturer’s instructions and the procedure described 
in our previous study [32]. The STR pattern was analyzed 
using the GeneMapper software (Thermo Fisher Scientific) 
and matched to the data in the public cell banks using a 
function of Cellosaurus with a standard match threshold of 
80% [33].

Mycoplasma contamination was examined using DNA 
in the tissue culture medium of the cell line as previously 
reported [32].

Genetic analysis

Single nucleotide polymorphism (SNP) array genotyping 
was conducted with the Infinium OmniExpressExome-8 
version 1.4 BeadChip (Illumina, San Diego, CA, USA) fol-
lowing the manufacturer’s instructions and the procedure 
described in our previous study [32]. The SNP array data 
were analyzed using the R version 4.0.3 (R Foundation for 
Statistical Computing, http:// www.R- proje ct. org) and DNA-
copy package version 1.64.0 (Bioconductor, https:// bioco 
nduct or. org/). Chromosome regions with copy numbers > 3 
and < 1 were defined as amplifications and deletions, respec-
tively. Genes that showed copy number alterations (CNAs) 

were annotated using the biomaRt package version 2.46.0 
(Bioconductor) and “Cancer Gene Census” in the Catalog 
Of Somatic Mutations In Cancer database (GRCh 37 ver-
sion 91).

Cell proliferation assay

Cell proliferation assays were performed as described pre-
viously [34]. Briefly, the cells were seeded at a density of 
2.5 ×  104 cells/well in 24-well culture plates at day 0. The 
number of cells was counted at multiple time points. The 
doubling time was calculated based on the growth curve. All 
the experiments were performed in triplicates.

Spheroid formation assay

Spheroid formation was examined as described previously 
[32]. The obtained spherical colonies were prepared for par-
affin sections using iPGell (Genostaff, Tokyo, Japan) accord-
ing to the manufacturer’s instructions. Cell blocks were fixed 
with 10% formalin neutral buffer solution and embedded in 
paraffin. Four-micrometer-thick paraffin sections were pre-
pared and stained with H&E.

Invasion assay using real‑time cell analyzer

We examined the invasion potential using a real-time cell 
analyzer (xCELLigence, Agilent, Santa Clara, CA, USA) 
according to the manufacturer’s instructions and the pro-
cedure described in our previous study [32]. In this study, 
MG63 osteosarcoma cells (JCRB; Ibaraki Osaka, Japan) 
were used as controls due to their consistent growth and 
being a representative histological subtype of sarcoma [35]. 
This assay was monitored every 15 min for 72 h and plotted 
as a function of time after seeding.

Assessment of tumorigenicity in nude mice

The animal experiment in this study was performed in com-
pliance with the guidelines of the Institute for Laboratory 
Animal Research, National Cancer Center Research Institute 
as previously described [34]. Briefly, we used female Balb/c 
nude mice purchased from CLEA Japan, Inc. (Tokyo, Japan). 
A 100-μL volume of cells in a 1:1 mixture of Matrigel (BD 
Biosciences) was subcutaneously injected into the mice 
(1 ×  106 cells). Subsequently, the tumor size was measured 
weekly. The tumor volumes were calculated according to 
the following formula: volume = (length ×  width2)/2. After 
2 months, the tumors were surgically resected, and the speci-
mens were stained with H&E.

http://www.R-project.org
https://bioconductor.org/
https://bioconductor.org/
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Screening for the antiproliferative effects 
of anticancer agents

Screening for the antiproliferative effects of 214 antican-
cer agents was performed according to the manufacturer’s 
instructions and the procedure described in our previous 
study [32]. A list of the anticancer agents is provided in 
Supplementary Table 1.

Dose–response experiments were also performed to 
validate the available hits in the pilot screening according 
to previously reported methods [32]. The  IC50 (the sample 
concentration required to inhibit cell growth by 50% in com-
parison with the growth of the control cells) was determined 
from the dose–response curves.

Results

Authentication of the established cell line

We authenticated the NCC-MFS3-C1 cell line by analyzing 
the STR status of 10 microsatellites. We confirmed nearly 
identical STR allele patterns between the NCC-MFS3-C1 
cells and the corresponding original tumor tissues (Table 2, 
Supplementary Fig. 1). The STR patterns of NCC-MFS3-
C1 cells are unique as they did not match those of any other 
cell line available within public cell banks examined using 
the cell line database, Cellosaurus. Thus, we concluded that 
NCC-MFS3-C1 is a newly established cell line. The DNA 
sequence of mycoplasma was not detected in the tissue cul-
ture medium of NCC-MFS3-C1 cells (data not shown).

Characterization of the cell line

SNP array analysis revealed CNAs in NCC-MFS3-C1 cells, 
corresponding to the original tumor. Partial allelic dele-
tions were identified in chromosomes 2q, 3p, 5p, 7q, 9p, 
11q, 16q, 17q, 18q, 19q, and 22q. The deletion in chromo-
some 9p included the tumor suppressor genes CDKN2A and 
CDKN2B (Fig. 2, Supplementary Table 2).

NCC-MFS3-C1 cells comprised spindle cells in two-
dimensional culture conditions (Fig. 3a–c). NCC-MFS3-
C1 cells exhibited consistent proliferation. According to the 
growth curve time, it took approximately 36 h for the popu-
lation to double (Fig. 3d). NCC-MFS3-C1 cells were also 
able to form spheroids when seeded on a low-attachment 

Table 2  Short tandem repeat analysis

Microsatellite
(Chromosome)

NCC-MFS3-C1 Tumor tissue

Amelogenin (X Y) X X
TH01 (3) 7, 9 7, 9
D21S11 (21) 30 30
D5S818 (5) 11 11
D13S317 (13) 10 10, 11
D7S820 (7) 10, 11 10, 11
D16S539 (16) 12, 13 12, 13
CSF1PO (5) 10 10
vWA (12) 17 17, 19
TPOX (2) 8 8

Fig. 2  Analysis of the single 
nucleotide polymorphism array. 
Allele-specific copy number 
analysis revealed DNA copy 
number alterations in the a 
original tumor and b NCC-
MFS3-C1 cells. The X-axis and 
Y-axis indicate the log ratio of 
copy number and chromosome 
number, respectively
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Fig. 3  Characterization of 
NCC-MFS3-C1 cells. a–c NCC-
MFS3-C1 cells showing spindle 
cell morphology under two-
dimensional culture conditions. 
d Growth curve of NCC-MFS3-
C1 cells. The Y-axis indicates 
the relative cell proliferation of 
NCC-MFS3-C1 cells, and the 
X-axis represents the day after 
seeding. e The hematoxylin and 
eosin-stained spheroid section 
showing dense proliferation of 
pleomorphic atypical oval cells. 
f Real-time cell analyzer inva-
sion assay showing the invasion 
ability of NCC-MFS3-C1 cells 
compared to that of MG63 
osteosarcoma cells
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microplate. The H&E-stained spheroid section showed dense 
proliferation of pleomorphic atypical oval cells (Fig. 3e). We 
also found that NCC-MFS3-C1 cells exhibited more aggres-
sive invasion than MG63 cells. The invasion ability of NCC-
MFS3-C1 cells depended on the time after seeding (Fig. 3f).

Tumorigenesis in nude mice

NCC-MFS3-C1 cells transplanted into BALB/c nude mice 
formed small tumor masses under the described conditions 
(Supplementary Fig. 2a). One of the four masses showed 
areas of dense proliferation of atypical oval cells and myxoid 
components in H&E sections (Supplementary Fig. 2b and c). 
However, only sparse cell proliferation was observed in other 
three masses (data not shown). Overall, the tumor growth 
was not sufficient (Supplementary Fig. 2d).

Sensitivity to anticancer agents

The cell viability of NCC-MFS3-C1, after treatment with 
214 anticancer agents at a fixed concentration of 10 µM, is 
shown in Supplementary Table 3.

Among the 214 anticancer agents, 24 agents that showed 
prominent antiproliferative effects on NCC-MFS3-C1 cells 
or are frequently used as standard chemotherapy for soft 
tissue sarcomas were further examined to calculate their 
 IC50 values. The five agents with the lowest  IC50 values are 
presented in Table 3, and the  IC50 values of 24 agents are 
presented in Supplementary Table 4. We also showed the 
growth curves that served as the basis for the calculation of 
the  IC50 values in Fig. 4 and Supplementary Fig. 3.

Discussion

MFS is one of the most aggressive sarcomas with a poor 
prognosis. Although complete resection is required for the 
treatment of MFS, it is often challenging due to its strong 
invasive nature. When complete resection is not achieved 
in other tumors, postoperative chemotherapy is often con-
sidered. However, the effectiveness of conventional chemo-
therapy has not been proven in MFS patients because large-
scale randomized clinical trials assessing the efficacy of 
conventional chemotherapy are insufficient. Therefore, novel 
treatment methods for MFS are required. In recent years, 
multiple large-scale genomic or drug sensitivity analyses 

Table 3  Summary of half-maximal inhibitory concentration (IC50) 
values in the cells

CAS# Name of drugs NCC-MFS3-C1
IC50 (μM)

128517-07-7 Romidepsin (FK228, Depsi-
peptide)

0.01245

179324-69-7 Bortezomib (PS-341) 0.01825
441045-17-6 Eribulin 0.02556
50-76-0 Actinomycin D 0.0505
114899-77-3 Trabectedin 0.008951

Fig. 4  Growth curves for the  IC50 value calculation of the investigated anticancer agents. a–e Viability of cells treated with anticancer agents at 
different concentrations. The name of each anticancer agent is shown under the graph
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have been performed in common cancers using a number 
of cell lines [17–20]. However, only 10 MFS cell lines have 
been reported to date, suggesting that MFS cannot benefit 
from these analyses. Hence, we established a novel MFS cell 
line, NCC-MFS3-C1.

The NCC-MFS3-C1 cell line was established from MFS 
observed in the deep thigh. Although MFS often arises in 
dermal or subcutaneous regions, deep-seated development is 
observed in approximately 30% of MFS cases [4]. Therefore, 
a NCC-MFS3-C1 cell line was established from a typical 
case of MFS.

Only a limited number of genetic studies about the CNAs 
of MFS have been reported. Although the frequent amplifi-
cation of the chromosome 5p region was reported, the CNA 
is not specific to MFS [6]. Regarding the NCC-MFS3-C1 
cell line, partial deletions in chromosomes 2q, 3p, 5p, 7q, 
9p, 11q, 16q, 17q, 18q, 19q, and 22q were observed, and 
5p amplification was not observed. These CNAs are dif-
ferent from those of the MFS cell lines previously reported 
(NCC-MFS1-C1 [30] and NCC-MFS2-C1 [31]), reflecting 
the highly complex karyotypes of MFS.

NCC-MFS3-C1 cells exhibited the typical morphology 
of spindle cell sarcoma. NCC-MFS3-C1 cells also demon-
strated constant growth and spheroid formation. Although 
these characteristics are suitable for in vitro studies, NCC-
MFS3-C1 cells were not sufficiently responsible for the 
growth of a mass in nude mice under the described condi-
tions, indicating that NCC-MFS3-C1 cells may not be eli-
gible for xenograft experiments.

In drug screening using 214 anticancer agents, the 
five agents with the lowest  IC50 values were trabectedin, 
romidepsin, bortezomib, eribulin, and actinomycin D. Nota-
bly, NCC-MFS1-C1 [30] and NCC-MFS2-C1 [31] cell lines 
also showed high sensitivity to romidepsin and bortezomib. 
Bortezomib is one of the proteasome inhibitors that is often 
used for the treatment of multiple myeloma and mantle cell 
lymphoma [36]. Only one study has assessed the efficacy of 
bortezomib for MFS [37]. This study used MFS cell lines 
with amplification of the chromosome 5p region and sug-
gested that the amplification of SKP2 on chromosome 5p 
was associated with the antiproliferative effects of borte-
zomib on MFS. However, NCC-MFS1-C1, NCC-MFS2-C1, 
and NCC-MFS3-C1 did not demonstrate amplification of the 
chromosome 5p region. Despite the lack of amplification, 
the growth of these MFS cell lines was commonly inhibited 
by bortezomib, indicating that other molecular mechanisms 
underlying MFS affected the sensitivity to bortezomib. 
Romidepsin is a histone deacetylase (HDAC) inhibitor, 
which is usually used for the treatment of peripheral T-cell 
lymphoma [38]. Only one study has reported the efficacy 
of HDAC inhibitor for MFS [39]. However, the molecular 
mechanisms of HDAC inhibitors for MFS remain unclear, 
warranting further studies.

In conclusion, we established a novel MFS cell line, 
NCC-MFS3-C1, which demonstrated constant proliferation, 
spheroid formation, and aggressive invasion. A genomic 
study revealed multiple allelic deletions, with no amplifica-
tion of the chromosome 5p region as previously reported [6], 
reflecting the diversity of MFS. Our study also revealed the 
antiproliferative effect of bortezomib and romidepsin on the 
MFS cell line. However, considering the diversity and rarity 
of MFS, the number of MFS cell lines is still insufficient. 
Therefore, consistent efforts to further establish MFS cell 
lines are required for research.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13577- 021- 00548-6.
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